The BEACON gene was initially identified using the differential display polymerase chain reaction on hypothalamic mRNA samples collected from lean and obese Psammomys obesus, a polygenic animal model of obesity. Hypothalamic BEACON gene expression was positively correlated with percentage of body fat, and intracerebroventricular infusion of the Beacon protein resulted in a dose-dependent increase in food intake and body weight. The human homolog of BEACON, UBL5, is located on chromosome 19p in a region previously linked to quantitative traits related to obesity. Our previous studies showed a statistically significant association between UBL5 sequence variation and several obesity-and diabetes-related quantitative physiological measures in Asian Indian and Micronesian cohorts. Here we undertake a replication study in a Mexican American cohort where the original linkage signal was first detected. We exhaustively resequenced the complete gene plus the putative promoter region for genetic variation in 55 individuals and identified five single nucleotide polymorphisms (SNPs), one of which was novel. These SNPs were genotyped in a Mexican American cohort of 900 individuals from 40 families. Using a quantitative trait linkage disequilibrium test, we found significant associations between UBL5 genetic variants and waist-to-hip ratio ( p ‫ס‬ 0.027), and the circulating concentrations of insulin ( p ‫ס‬ 0.018) and total cholesterol ( p ‫ס‬ 0.023) in fasted individuals. These data are consistent with our earlier published studies and further support a functional role for the UBL5 gene in influencing physiological traits that underpin the development of metabolic syndrome.
with an estimated prevalence of 10-25% among middle-aged adults (Isomaa 2003) . The syndrome is closely linked to lifestyle factors, with a combination of obesity and a sedentary lifestyle favoring the development of the disorder (Zimmet et al. 2001) . The development of metabolic syndrome is strongly influenced by genetic factors, although it is also closely linked to behavior of a sedentary lifestyle and an energy-dense diet that increases predisposition to disease (Isomaa 2003) . Because individuals diagnosed with metabolic syndrome are at a fivefold elevated risk of developing type 2 diabetes and at a two-to threefold increased risk of developing cardiovascular disease (Eckel et al. 2005) , preventive measures may be undertaken in the clinic to improve prognosis and facilitate patient management, an advantage that may not be apparent when a patient is assessed on individual traits.
Previously, we described Psammomys obesus, a unique polygenic animal model of obesity, type 2 diabetes, and dyslipidemia (Barnett et al. 1994; Collier et al. 1997; Walder et al. 2002) , and subsequently used this model to identify genes whose products could be involved in pathways that influence the development of metabolic syndrome (Walder et al. 2005; Curran et al. 2005) . One of these genes, BEACON, was identified by using differential display polymerase chain reaction screening of mRNA isolated from the hypothalamus of lean and obese P. obesus. The Beacon protein is overexpressed in the hypothalamus of obese P. obesus, and intracerebroventricular administration of the protein resulted in significant body weight gain in these animals (Collier et al. 2000) .
UBL5, the human homolog of BEACON, encodes a 73 amino acid protein, consists of 5 exons, and is located on chromosome 19p13 in a region likely to contain genes affecting metabolic-syndrome-related quantitative traits, as established by numerous linkage studies (Allayee et al. 2001; Boright et al. 1998; Imperatore et al. 2000; Jowett et al. 2004; Nishina et al. 1992; Rainwater et al. 1999; Rotter et al. 1996) . Of particular interest was the study performed by Rainwater et al. (1999) , where linkage for the LDL-1 size fraction was identified in this region of chromosome 19 in a population of Mexican American individuals (LOD ‫ס‬ 2.26) within 5 megabases of the UBL5 gene. In this study we investigate UBL5 as a metabolic syndrome candidate in this same Mexican American population.
Genetic variation within UBL5 has previously been studied in Mauritian and Nauruan populations, where variants identified were tested for association with a number of metabolic-syndrome-related phenotypes. Significant associations were seen with several phenotypic measures of obesity, lipid levels, and type 2 diabetes in both populations. These results suggested that UBL5 may influence phenotypic variation in metabolic syndrome traits (Jowett et al. 2004 ).
The animal model, together with the genomic location of the human gene, and previous association data prompted us to consider UBL5 as a candidate gene for development of metabolic syndrome components, particularly obesity and dyslipidemia, in the Mexican American population. In this study we identified all the naturally occurring genetic variation within the human UBL5 gene and assessed its influence on several metabolic-syndrome-related phenotypic measures in the Mexican American cohort.
Materials and Methods
Subjects. All DNA samples were obtained from the San Antonio Family Heart Study, a study of risk factors for cardiovascular disease in Mexican Americans living in and around San Antonio, Texas (MacCluer et al. 1999) . The sample consisted of 900 individuals from 40 families who were examined between 1992 and 1996. There were 373 males and 527 females in this sample, with a mean age of 40 years. All protocols were approved by the Institutional Review Board of the University of Texas Health Science Center at San Antonio.
Subject Selection for Sequencing. For identification of sequence variants, we sequenced UBL5 in 55 unrelated Mexican American individuals. To ensure that most of the variation in the gene was captured, these 55 individuals consisted of healthy as well as obese and/or diabetic individuals that represented extremes of the phenotypic measures. This number of individuals in our resequencing data set provided us with a 90% likelihood of identifying genetic variants with frequencies as low as 0.02.
Phenotyping. Blood samples and anthropometric assessments were obtained from each individual during the course of a clinic exam. For this study four phenotypes directly related to obesity and body composition were assessed: waist-to-hip ratio (WHR), body mass index (BMI), fat mass (in kilograms), and percentage of fat mass. In addition, three phenotypes relating to dyslipidemia were also examined: total serum cholesterol level, high-density lipoprotein (HDL) cholesterol level, and serum triglyceride level. Finally, two phenotypes relating to insulin resistance (fasting plasma glucose level and insulin level) were included for analysis. Methods for the measurement of each phenotype in this population have been described previously (Mitchell et al. 1996; Rainwater et al. 1999) . Diabetes affection status was determined using plasma glucose level following WHO criteria.
Primer Design. We sequenced a 3-kb region of UBL5 that encompassed the promoter, exons, introns, and flanking sequences identified as conserved between human and mouse. All gene sequences were analyzed for repetitive DNA using RepeatMasker (available at http://www.repeatmasker.org) to facilitate primer design. Using Primer3 (code available at http://www-genome.wi.mit.edu/ genome_software/other/primer3.html), we designed primers to be between 20 bp and 30 bp in length with annealing temperatures within 1ЊC of each other and within the range of 58Њ-63ЊC.
Identification of DNA Polymorphisms. PCRs were performed with 5 ng of genomic DNA in a 20-L reaction using 0.5 U Taq DNA polymerase (Qiagen, Hilden, Germany) on a PCR Express thermal cycler (Thermo Hybaid, Waltham, Massachusetts). PCR products were purified using the spin procedure for the QIAquick 96 PCR Purification Kit (Qiagen). Cycle sequencing was performed on both sense and antisense DNA strands in 15-L reactions with 0.75-L ABI Prism Big Dye Terminators v. 3.0 Ready Reaction Mix (Applied Biosystems, Foster City, California) and 5.25-L halfTERM Dye Terminator Sequencing Reagent (Genetix Ltd., Hampshire, United Kingdom), using the Applied Biosystems dye terminator cycle sequencing protocol on a PCR Express thermal cycler. Sequencing products were purified using genCLEAN 96-well Dye Terminator Removal Plates (Genetix Ltd). Purified sequencing products were dehydrated and resuspended in 10 L of Hi-Di Formamide and run through ABI Prism 3100 POP-6 polymer in a 50-cm capillary array on an ABI Prism 3100 Genetic Analyzer (all supplied by Applied Biosystems). Sequence analysis was performed using ABI Prism SeqScape Software, version 1.1, which allows the analysis of raw data and provides quality values to indicate the confidence of the automated base calls (Applied Biosystems).
Genotyping. After the variants were identified, we designed SNP assays using SpectroDesigner (Sequenom, San Diego, California). For each SNP the software designed PCR primers to amplify approximately 100 bp surrounding the variant, an extend primer flanking the variant, and a suitable mix of deoxy-and dideoxynucleotides for successful primer extension genotyping. Initial amplification reactions, containing 15 ng of genomic DNA, 2.5 mM MgCl 2 , and 0.1 U HotStart Taq DNA polymerase (Qiagen), were performed in a total reaction volume of 5 L. For multiplex reactions primers were diluted and mixed to simplify the PCR cocktail assembly. The PCR protocol consisted of 45 cycles of 20 s at 95ЊC, 30 s at 56ЊC, and 1 min at 72ЊC (MWG-Biotech thermocycler). Reactions were carried out in 384-well microtiter plates. All reactions were performed in the same plate, with additional reagents added as required.
Homogeneous Mass Extend Reactions.
Before performing the extend reactions, we added 2 L of a solution containing hME buffer and 0.25 U of shrimp alkaline phosphatase (SAP) (Sequenom) directly to the PCR reaction and incubated the sample at 37ЊC for 20 min to digest unincorporated dNTPs and PCR primers. Following incubation, the SAP enzyme was heat-inactivated for 5 min at 85ЊC. Using the PCR product as a template, we performed mass extend reactions using the flanking extend primers, dideoxynucleotides, and a thermostable polymerase to extend the PCR product through the polymorphic site. The extend reaction thermal cycler protocol consisted of 40 cycles of 5 s at 94ЊC, 5 s at 52ЊC, and 5 s at 72ЊC.
Sample Purification and Chip Spotting.
Before mass determination, extension reaction products were purified of excess ions by mixing each sample with SpectroClean, an ion-exchange resin (Sequenom), according to the manufacturer's protocol. Ten nanoliters of the extension reaction products were spotted onto a SpectroChip, preloaded with a MALDI matrix, using the SpectroPoint. A size standard composed of three oligonucleotides of known mass was also spotted on each chip for spectral calibration.
Mass Spectrometry and Genotype Determination.
Masses of the extend primers and extension products were determined using matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry on a MassArray system supplied by Sequenom. Following typing on the SpectroReader, the data were automatically transferred to SpectroTyper, an automated genotyping workstation that converts the mass data obtained by the reader into genotype data for each SNP.
Statistical Genetic Analysis. For the SNPs with sufficient variation to allow analysis, we calculated allele frequencies and the linkage disequilibrium parameters using a maximum-likelihood method that allowed for missing genotypic data. Standard statistical genetic methods were used to verify that the assumption of Hardy-Weinberg equilibrium was appropriate.
To assess the influence of polymorphism in the UBL5 gene on phenotypes related to metabolic syndrome, we performed a quantitative trait linkage disequilibrium (QTLD) analysis, a variant of quantitative trait transmission disequilibrium testing (QTDT) (Abecasis et al. 2000; Havill et al. 2005) . However, the QTLD test can be misled by hidden population stratification. Therefore, before its use, we first tested the null hypothesis of no hidden population stratification using the method of Abecasis et al. (2000) . The stratification test, the QTDT procedure, and the QTLD test were all implemented in the computer program SOLAR (Almasy and Blangero 1998; Blangero et al. 2005) , which was used for all statistical analyses. It is possible that one or more of these traits may be nonnormally distributed, and hence a robust method for estimating parameters using a multivariate t distribution was used (Lange et al. 1989 ). All tests were performed assuming an additive model of gene action, which is a reasonable and conservative assumption.
Several metabolic syndrome phenotypes were examined: BMI, fat mass, percentage of fat mass, WHR, total cholesterol, HDL cholesterol level, triglyceride level, fasting insulin level, and fasting glucose level. These phenotypes were simultaneously adjusted for a number of covariates (sex, age, age 2 , sex ‫ן‬ age, sex ‫ן‬ age 2 , diabetic medicine use, use of lipid-lowering drugs, high blood pressure medication use, oral contraceptive use, menopausal status, alcohol use, and smoking status) before genetic analysis using standard regression methods. Because our interest in covariate adjustment is limited to removing the effects of known environmental risk factors, we did not attempt to find the best possible set of covariates for each trait. Thus our approach was conservative in that we may have corrected for environmental covariates that have little effect on the observed data. The consequence of this strategy is to add some minor additional sampling variance when an unnecessary covariate is included in an analysis.
All parameter estimations were performed using maximum likelihood under the assumption of a multivariate t distribution using the computer package SOLAR (Almasy and Blangero 1998). A formal test of association was obtained by calculating a robust likelihood ratio test statistic comparing a model in which various regression coefficients (dependent on SNP genotype and the pattern of transmission within the pedigree) are held equal against a model in which the parameters are allowed to vary. The SOLAR QTLD procedure automatically performs a series of association tests for a given set of SNPs.
Results
Identification of Genetic Variation. Figure 1 shows the structure of the UBL5 gene. We sequenced 3 kb encompassing the promoter and all exons and introns in 55 Mexican American individuals. Five variants (T‫774מ‬C, A818G, C1801G, A‫3122מ‬G, and A1589G) were identified and confirmed through sequencing. One of these variants (A‫3122מ‬G) was identified as novel in that it was not listed on any public databases at the time of publication. We also genotyped one additional SNP (A183G) found in our previous study (Jowett et al. 2004 ), and we included four variants (A‫008מ‬T, C79T, C1726T, and A1755C) from the National Center for Biotechnology Information (NCBI) dbSNP database, resulting in 10 variants for genotyping in the founder population (Table 1) .
Genotyping. The 10 variants identified were genotyped in 183 founders from the Mexican American cohort. Of these, three variants were not polymorphic in the founder individuals (A1755C, C1726T, A183G) and two variants (A1589G and A‫3122מ‬G) were very rare (minor allele frequency Ͻ 0.01) and hence did not provide enough copies of the minor allele to allow for accurate statistical investigation. Therefore these five variants were excluded from further genotyping. The five remaining variants were genotyped in the remaining 717 Mexican American cohort individuals, from the original sample of 900 individuals from 40 families. The frequency of the minor alleles varied from 0.02 to 0.13. This is consistent with the minor allele frequencies obtained in the Mauritius and Nauru samples from a previous study (Jowett et al. 2004 ). Frequency differences can be attributed to some variants being population specific and having different effects in different ethnic groups.
Phenotypic Characterization. The primary covariates considered in the current study are listed in Table 2 . Fifteen percent of the male population and 18% of the female population were diabetic, more females used diabetic and high blood pressure medication compared to males, only a small proportion of the population used lipid-lowering medication, and males were more likely to drink alcohol and smoke than females. Also, only about 10% of females were using oral contraceptives, and about 30% were postmenopausal. In the association analyses the relationship between the dependent variable (the phenotype) and the covariate (e.g., sex, age) was adjusted for first, before the effects of the other primary independent factors (the SNPs) were examined. The traits believed to affect phenotypes of metabolic syndrome are outlined in Table 2 . Table 3 lists the descriptive statistics for the phenotypes examined in the Mexican American sample. Nine hundred individuals were included, and of these 373 were male and 527 were female. The average age was approximately 40 years. As expected, females had greater adiposity than males, as can be seen from measures of BMI (2 units higher in females) and total fat (Х20 kg higher in women). Similarly, females showed larger hip circumference relative to waist circumference compared to males, as is shown by the WHR data.
Linkage Disequilibrium Analysis. Two SNPs (A1589G and A‫3122מ‬G) were omitted from analysis because fewer than four copies of the minor allele were available in the data set, precluding accurate statistical analysis. The remaining five SNPs were in varying degrees of linkage disequilibrium with each other. Figure 2 shows the overall pattern of linkage disequilibrium, measured by the absolute correlation among genotypes and graphed using SOLAR. From this plot substantial linkage disequilibrium can be observed among three of the markers (A‫008מ‬T, A818G, and C1801G). Conditional on the family information, we 
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Figure 2. UBL5 SNP linkage disequilibrium plot.
estimated the haplotypes of each individual using SOLAR. Eight unique haplotypes out of the theoretical maximum of 2 8 ‫ס‬ 256 were observed (Table 4) . Only two haplotypes have a frequency of 0.01 or greater, with one haplotype accounting for 92% of all chromosomes.
Association of BEACON SNPs with Metabolic-Syndrome-Related Phenotypes in Mexican Americans. QTLD tests were used to test for association with the variants found. The QTLD test in SOLAR tests for association resulting from linkage disequilibrium and incorporates genetic information from the pedigree founders, making it a more powerful test than the widely used QTDT (Havill et al. 2005) . The QTLD test also maintains the advantage of testing for association without the confounding effects of linkage that is applicable only in the absence of population stratification (Havill et al. 2005) . The results revealed strong associations with four SNPs (A‫008מ‬T, T‫744מ‬C, A818G, and C1801G) 
Discussion
Exhaustive sequence and database analysis of the UBL5 gene identified 10 variants for genotyping in a population of Mexican American individuals. Five of these variants were omitted from further genotyping. Five SNPs were genotyped in 900 Mexican American individuals from 40 families. Three of these SNPs (A‫008מ‬T, A818G, and C1801G) showed significant associations with obesity-and diabetes-related measures, particularly WHR and fasting plasma insulin concentration. These three SNPs were also shown to be in high linkage disequilibrium. Another SNP, T‫744מ‬C, showed association with lipid-related phenotypes, specifically total serum cholesterol level. These results, suggesting that UBL5 is involved in risk for metabolic syndrome, partially replicate a previous study by our group (Jowett et al. 2004) , where the SNPs A818G and C1801G showed association with lipid measures and total serum cholesterol level in Mauritian and Nauruan populations.
The SNPs that indicated association were in the 5Ј untranslated region, intron 4, and the 3Ј untranslated region. It is not clear how these variants influence the levels or function of UBL5, or whether they are in linkage disequilibrium with other distant variants. If these variants are functional, then the function of UBL5 may be influenced either by modulation of gene expression or by splicing.
Variations within coding regions can alter the amino acid composition of the translated protein (Ramensky et al. 2002) , leading to functional differences among alleles. However, in this study we observed no coding region variation. Therefore other types of functional variation must be responsible for the observed associations. For example, variation within splicing control elements that recognize appropriate splice sites or that suppress or enhance certain splice site usage may be responsible for the phenotypic associations. As Majewski and Ott (2002) proposed, the first 150 bp of introns contain a significant number of elements that are required for splicing. Distinguishing between splicing recognition and regulation is difficult because an element may act as a constitutive splicing enhancer or suppressor or may even promote alternative splicing that is dependent on the expression patterns of the gene and the trans-acting association factors (Majewski and Ott 2002) . Six alternative splice variants for UBL5 have been identified and reported on the NCBI website (http://www.ncbi.nlm.nih.gov/entrez/ query.fcgi?db‫ס‬gene&cmd‫ס‬Retrieve&dopt‫ס‬Graphics&list_uids‫.)68295ס‬ The modulation of splicing using any of the alternative splice sites can affect the efficiency of splicing, processing, and export of the transcribed RNA out of the nucleus.
Polymorphisms in promoter regions upstream from genes may also affect the process of transcription. Variants A‫008מ‬T and T‫744מ‬C are within the putative promoter region and are polymorphic; therefore they may affect the level of transcription of the UBL5 gene. This is consistent with the known function of BEACON, where studies performed by Collier et al. (2000) in P. obesus showed altered gene expression levels in the hypothalamus. Collier and colleagues reported increased expression of BEACON in the hypothalamus of obese versus lean P. obesus (Collier et al. 2000) .
Recent studies have shown that a significant proportion of genes' polyadenylation sites are distributed over relatively long distances and that about 50% of annotated genes use more distant polyadenylation signals with varying efficiencies that do not depend on the distance from the open reading frame (Iseli et al. 2002) . From this finding it is fair to conclude that the use of alternative polyadenylation signals further downstream includes 3Ј flanking SNPs in the mRNA strand and may influence mRNA transport and stability. The SNP C1801G falls within the 3Ј untranslated region and could have an effect on the expression and cellular activity of the UBL5 protein.
The obesity-related trait associations seen with UBL5 in the Mexican American, Mauritius, and Nauru populations are consistent with previously published animal model data (Collier et al. 2000) . Intracerebroventricular administration of the Beacon protein resulted in an increase in food intake and body weight in P. obesus. Therefore the data support a cellular function for UBL5 in the control of energy balance and implicates the gene in the development of physiological traits that are associated with metabolic syndrome.
From this confirmatory study it appears that UBL5 plays a role in influencing a variety of metabolic-syndrome-related phenotypes, such as obesity and dyslipidemia. These results support previous studies in independent populations, which originally showed UBL5 to be associated with obesity and lipid traits.
